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0 extensim pittingstartsody aftaran ~itidefih has been builtup to a
criticalthicknessby uniformcorrosion

. pittingreleasesportionsof thisofidefih into the moderatoras the major
sowrceof turbidity.

Dataaro presentedto show the correlai,lomwith eheathtem~rat~k and to
prtit prediction of the coursQ of turbi~ty changesfor any Wactor cycle.
Thesecor.%lationsand predictiomg ~ in pert sp%tiatim because’of the sub-
jectivemethodused to est~te etientsof corrosion. They are presentedto m
directionsfor futorequantitativestudies.
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1. Laboratorycorrosiontest shouldbe conductedto duplicate@form and pitting
corrosionas seen in the rsactorend dete-ne meaneof controllingthsm.

2. Work ehodd be pressedto determinewhethermoderatorcontainehpwiti%8
which caueepittingattack(Ref.so 9).

3. Work underTA 1-725vill detefine whetherpittingcorrosionand t~bidity can
be reducedand perhapsel~natsd by contro~ug tbe mderator PH.

4. More precleemethodsof measuringewtentof corrosionof dischargedfuel should
be developadfor uee in mom fire establishingthe correlationpreeentedin
thisreport.

,.

Moderatorturbiditylead8to reducedvisibilityin ths reactortank.pluggageOf
instrumentlinesand accumulationof radioactivedepoeitethroughoutthe reactor
hydradic and purificationsy8tems. A betterunderstandingof the mechanismof
turbidty formationia needsdas a basicfor eelect~ meaeureeto alIeviatetheee
probleme.

The turbidityis known to b hydrousaltinum ofide (Ref.293s5)wuch i8 a“product
of corrosionof the alumtnusireactircomponetoe. The amountof altinws owlde
formedby corrosionof thesecomponentscsn be eetbted from the amountof deu-
tariumre’Aeasedinto the blanketgas ~ccampsnled by o~gen. Sinceotiya smell
portionof thiseetimatedamountof duecLnumo~de appearein the moderator:pither
dissolvedor”ae turbidity~most of it presumablyremainsas an oxtde coati~”on
the altinum surfaceswhere it was firstformed.

The presenceof thisotidefib haa been observedon the surfaceof diechergedfuel
81ug8. The eniountof otidehae tien eetkted from the Na24 activityin resctor
moderatoron the assumptionthatNa~ is formedby the U27 -(n.&) reactionIn a%
of the otidefilm and thatall of it goee into the moderator(Ref6). The amount
is in agreement with that 08tkted from the deuteriumevo~ution.

The deuteriumevolutionrate end fomtion of turbidityhave both been ehownto be
dependenton the fwel eheatht%mperatnrie(Ref.7* U). The deuteriumevolution
rateincreaeeswith sheathtemperaturein erectproportionto the iacreaeein
altinum corrosionrati (asmeasuredin labcrato~ taste)with temperature.‘furb%dity
is not formedin bge amountswhen the highestsheathtemperatureie much belov
1350CQend is med~ foundwhen this tsmpratura Ie”exweded by a sub8tantfa~
amount. This tem@rati coticidesroug~y to the transitionfrom one me’chatismof
altinum corrosionto another(Ref.4). ~~e ths CC~~atiOU was made tith eheath
temparaturm,the correlation with neutronflux.powerlevel,or centralmetal
timperatm wctid be nearly as good.

Deuteriumevolutionand buildupof Nau activityhas been substantialwhen there
ms no turbidityformation. Both occurcontinuouslythroughoutthe nactor cycle~
itiicatingthatthe owidefih buildsup continuouslyduringthe cycle. 1* is it
thatundersome conditionsthe otidefi~ wll adhereto the al@num surface~ w~le ,
underother conditionsit breakelooseto form turbidity?
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Perhapsan answerto thisquestioncan bz obtined by e~ning dischargedfuel
ehmants for evidenceof presenceand adherena of theotidefibs whichwould
give aoma understandingof tbe measuresneededto preventturbidityformetion.

E-nation~ame 1

m Premsasuredand other epciaL sl~s dischargedfrom each R and P reactor
eyc~ are tipzcted in the !;HotLabllfor o-e b dbneions. A largeOUMbSrOf
theseslugsware ehned vistiy dwing the courseof inspectionof R-3 and P-4
s~ugs. Etinatiou wae done by the authorwhile the LaboratorySectionpsreonnal
wars carryingout thafinormalroutineof measurements.

With the exceptionof “oneelug~examinationwas by nakedeye. Each @lugwas Ob
aervsdin two poai&ioos(a)w~le bs~ held in frontof the perisoope to read its
60rialnumbzrand (b)while beingrota~d about its (horizontal)atia on the gaging
etnnd. Tha abilityto recogniseevidenoesof corrosion-wed with e~rience aa
more sad mars slugswem e-nad. Two typseof corrosionwre ul.t~tely recognized.
Aa aeonaa a typsof corroe~onwas clearlyraoogtized~slugewe~ gradedsubjective~
on a roughquantitativescde of extentof this typaof corrosion. Otherobservations
wara recordedeo that if latersome new type of corrosionwae recogfisedotherewould
~ some chanesof titerpretingtheseobservationsin tirzIsof esctentof the newly
recognizedty~ of corrosion.

IO suchsubjectivegrad- of may varia~e~ it is ~ffim13,tto guardagainsta
wanderingof the gr@ing esele. It was felt d@ng the observation that euch a
s~ft occurredsomatti aroundJ~ 289 probablyin the courseof firstestablish-
% tha stis of Worn corrosion. Thie a~ft affectedthe gredlngof pittingbut
fiotof ~fo~ Wrroe+on. A correctionwae made for thie shiftaa e~ned $n
TableXI and Figure6. The correctioncon~istedin zuiltiplyingthe mom recant
valuseof pittingby 1~20or tha earliervaluesby 2. The uncorrectedvaluesare
givenin Figures12 through18 and Tab~ee I throughX. In Fi~ 1 through6 the
oorrectedvaluesam. used.

Becauaethe gradingwae subjectivajthe quantitativeresultepresentedin this
reportare to so~ efientepasulatlve. Thesereeultsare presentedto map otitthe
diractiotiw~ch furtherstudyby more @cise zmt,hodsehouldtake.

Threeextremesof slugappsarancawem observedwhichdefinethe unenrrnded,state
and the two typesof corrosion.Theeewere

(1) an ~~uost like new~ appearanceh which the slughad a ISStiumhigh mOtOILic
Iustre

a bumpyslugwith a heavywhite coatingreaumblingflat whitepaint

a mott,ledshinyappearance~ with an egg-shs~ texture. Undermagn~iestion$
the shiny~tches ware seen to be mrad with many s- pite or cratere1
to 10 tils in diameter. Arsaebetweena- petcheaor betwaenmore tidely
apaoedpita lookedlike tb white coat% of case2 above.

On ths basisof all availablefactsand observations%t appe~s that Case 1 repre-
sentsthe uncorrodedstab. Case 2 representstiform corrosionto producean
oxidefib in plsoe~ and Caae3 representsa pittingtype corrosionin whichpits
penetratethroughthe oaddefiti.
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Gradationswere obsemed betweenCase 1 and Case 2D with the surfaoebacodng whiter
and showingless mettiic lustreae cam 2 was.approached. Theseoaaeeware graded
accordingto the amountof metdlio Iustm to give a ado of extentof tifOrm
corrosion. On thisscalethe most Iuetroua(leastcorroded)slugswere gradeO and
the whitest.leastluetroue(mostco~ded) were graded 3. Beyondgrade3 the ffi
had becomeso thickthat thematellioluetrewas completely.obscwred and ~ @ther
io-aee in thicknesscodd not be detectedvieua3.ly~

Gradationsbetwe@nCase2 and Caee 3 were &eo seen.with the surfacebecomingmom
rnottl.sdand shinyand mom completelycoveredwith bright~tohes es Caee3 wee
approached.Thesem.eeswere gradedetilarQ ~ with O for Case2 and 3 for brightest
most.mottledslug obs~rvad. Furtbsrinci’easesin @x’tentof pitting,wouldbe recog-
nizableif they,~~ to ocourDeo tketMs emle can be extendedbeyond3 if mcass~.

No gradationsfrom Caas 1 to Caee 3 (thatie to Seyooccurrenceof pite in en other-
wise Mka-new slugJwithoutpresenceof the wbi~ coating)were observed. Zt would
seem therefore thatthe oxidefitimust ~ up beforepittingcan occur.

~k VX-~ Two MarlsVI-J fuel tubasdischargedfrom K-2 cyole&rs’ ~tinad under-
waterfor evidences of corroaion9both by unaidedeye and using the underwater
priecops. One was a flat zone tubewhichhad operatedwith a ~ sheath
tamparaturaof 15&oC (twentydegreeshigherthenR-3 end P.~ flat %OM slugs). The
otherwee a buc~ed aone tubew~ch operatadat a
(tWy degmee blow the P-b flat aoneslugs).

~ sheathtemperatureof 105°C

Contitioasof obsen$tion made quantitativegrad- of the etientof corrosion.
Otiyroughlimite~uld be placedon pitt~ corrosion.GradAngof &form corrosion
d%d not eeenpoeslbl~~ in ~art boauae of bck of tk to acquk abitityto raco@ae
the gradationby ~,derwaterobservation.

The buckledaone tube showeda degreeof pittingtich w~d have been rated
macticelly aerounder the conditionsueed in ratingelugs. Somevery smallpits
wem seenunder15 X megtifimtion~and them was a s~ght metallicmflectlon (seen
by nakedoys) over the portionof the tube that had e~rienmd thm highestsheath
tamperaturae.The entiretubewas coatedwith a fairlyheavyotidef~ which seamed,
to be thinnertow~d the coldends of the tube.

The flat sone tube showedmuch mom eeverapit;ingthanany slugsthattie been
examinedo The pittidregioncovereda greaterlengthof fiel columnflw~e the
pitsmm largerand the surf’acaroughere The dtiferenm was ckerly visibleto
the nakedeye at 8 distanceof some Nf teenfeet~ and wee confirmedundsrmagnifica-
tion. A gradat%on ti pittingwas observedalongtha lengthof the columa~e.etith
slugs.

Undertighme~ifica.tion(X 15) pittingwas eeen to etiendbeyondthe petitat
whichno ittingwo~d have been reported fromunaidedobsemtt%on~
Of many dnute porm-l%keopeningsin the oaidefitioratherwi&Jg spa~~ ‘~z?t”d

flpittiWm ~S the sam as was seen in the”buckledsone tuba. It showeda gradation”
goingto smallerand Uer porn sise and greaterspacingtowardthe top snd of the
fuel tube~

and
with

The resfitsof theseobservationsem ~sented in the accompanyingtables
figms. Cumulativelythey show a good cormtition of extentof mrrosion
fuel sheathtemparat~ e

-
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The obee~d extantof corrosionvariedfi th% following~ysO each of which can h
e~lainad by correspondingvariations in sheathtemperature:

o

.

.

0

0

alongthe lengthof the fuel colwmn

alongthe lengthof each photographedelug (notenoughcarewae takenin visual
observationto detectthisdetailof dietribut%onof corros%on)

deoreaaedcorroeionat the end caps of slugsand on the two end sectionsof the
Mark VI-J tuba.

betweenfuel col~s in the S* Mark VII-A qnatrafoil

between fiql columns whichoperatedwith dtiferentmom sheathtem~ratme
eitherin Wfferent reactorcyclesor bscatieof dfferent locationin the reactor.

Figures12 thro~h 18 and Tables1 through10 show thatau fuel columuewhich
operatadat neu~ the .samemawimumsheathtemperatureshowedatis.$,,i@ntlcal
patternsof efientof corroslon~while thosewhichoperatedat tifferentmawissws
sheathtemperature showeddifferentcorrosion

fi~s 1 and 2 show.how the variation alongthe fuel columnComelata with sheath
tem~ratura~ The end cap effectis not ehownin thesefi-e ~ At.the end sap the
neutronflux 5s higherthan elsewherebcauae of the W~ Effeet~,but the heat
fluxend sheathtemperatureare lowerbecauseof absenceof fuel M ttisregion;
Similarlythe sheathtemperatureis low in the end sectioneof Mark VI-J tube*which
con~ne no *1. Thus the extentof corrosionprellsls the sheathtemperature;(end
not the neutronflux]at the end cape

Figures3 through6 show the correlationbetwaenaxtentof corrosionand fuel sheath
t~mpsraturequantita$%vely.In fi~ 3 the extentof corrosionis plottedaga~nst
sheathte~rature; Fuel ele’wnts.are includedfromdifferentreactorchargeeand
whichoperated,,at,tidelydifferent~. sheathtemperatures(P-4flat eonsat
135°and P-4 outirringat Wo maximumin the s- charge~ end K-2 at 1540 maxbsum
in a differentcharge). Considering,the varietyof caeesincluded~and the fact
thatthe esttite of sheathtemperaturesis uncertab in some caseswhile the
msesureof,e~tientOF corrosionis crude~ the correlationis surprisinglygood.

In Figures4 end 5 the same data (forR-3 end P-4 flat zoneonly)era plottedin the
fo~ of an Arrhenfueplot. This plot (logarithnof rate againstreciprocalof the
absolutetemperature) shotidgive a straightline for any atiplereactionmechaniamo
The elopeof the lime ie characteristicof the mechanismand is proprtiod to the
‘activationener~ 11. In the presentcase it is legltkte to plot the logafithm
of etientof cor.wz%anO since for a fimedcycletti [50 daye for each of the two
cyclesconsidered)the extentis proportionalto the”~ of corroaione

Departurefrom a stra&ht line in Figure4 is e~cted bscaussof the limltbeyond
~~oa tittefiu~ ‘ifii- Wc@ss cannotbe dlst-shed optically~ The dashed
curvermpres.sntsthe da~tura thstwodd be e~cted M the opticaldensityo.
film were 3-I x 104 per cm. of fti thickness(Lambert0s hw of 13ghtabsorption).
The slops of the Arrhefiusline agreesclosalytith literaturedate on uniform
corroeionof aluminumand tith evidencefrom reactorD evolutionas to the effect
of sheath~emperatureon tiuminumcorx’os%on(Ref.40 $ n)
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The slop,of the Arrheniusline for pittingcorrosion(~gure 5) iS distfi~~
greaterthan that for tif orm sorrosiono This wofid@~y thmtpitt~ is not the
SSRISprooeaswhichgivesrise to the msjorpart of Aautetiumemlutioa8 aod tht it
is distinotfrom Worm corroaione

The effectof Uferenses h opsratfngte~raturas hstweentil calm $n tb same
Max’kVII-Aquatrafoilis shownin Pigurs6. Tha.abeam.*Pra$ure is a new~ Unear
funotionof the channeleffluent A To The e~nt’’’of’pittingsofialon of an en-
fuelcolumnh ~asurad by the eraaunder the c= of extentof sorroeionvs. slug
positionfor that CO1.-. In FAgurs6 ttiearea %s plottadaga%nst the channel4 T
for ~ four channelsof eaoh of five quatrefoilseThe oorrelafionbetweenpitting
and ohannsl AT Is dearly seenin t~a fiw ~

mutiwf Siona

From th~semsdte it %s oonoludadtkat

1)

2)

3)

4]

raacheea Oriticalthickness. ~s t~cknass is juai~ached at ~oc .atthe
end of a 50 day reactorcycle(seeM-s in 2# and 3)~.

~bidity Oawration

Pitt- corrosionbreakst~ugh a ~etioue~ formedofide~ and mletseesthe
otideinto the moderat?r~ It must ther%foraToduos turbidity. b ~Mt A a
theomtisal treaknt is given to show how the buildupof turb%titydm~ a reactor
oyclecouldba e~~ned quant%tativdy in tarmaof pittingoorrosion~

The assumptionis mde that pittingstartaon any tiute ama of tieom surfaoe
O* when the ofide.f.- has tilt UP to a ~tic~ thictiee of appro~tite~ 1.3
tils~ Figure7 shozls”:thenumbr of el~s whichkmm bgun to plt at w tti durAng
the reactorcycle~ ~ the rastitantrate of turbititygensrationV,,bas@don thie
ass~tion~ The moderdtorturbidityrisa ti R and P reactors [wtiskham no t-
bitit.~rm~ovalftici~ty)w~ fo~ow the dash~d-e of D-m B~ h L9 K and C
(whe~ turbidityia mmwed by the mbilere) the ttibidityfiaa WU fo~ow the
dashed~ of Figure7.

figure7 wpresents,the rsetit of oparationat 1270maxSmm sheathto~raturs o At
othsrtiuea of mad shaathtemperaturethe -es am shtitedalongthe ttie
axis such that the t~ of firsta~amnse of turbidityis conaistinttith the
theomti@ curveof ~gure 80 The tb of firstappsarsncaof ttibitityin emveral
rmactorcycleswas in fably good agm@~nt tith t~s tbaomtt-1 cwrva~ as shown
in Figore80 The courseof turbidityWdup in theeecycLsewas much as shownin
FiP 7* Therais thusat leastq@tative agmemsnt bstwsenthe theoryand tha
actualcourseof turbiditybul~up h the rmactom~ The deviationscotidh
acountedfor by Unssrtaintieein the laboratorydataon tiform corroeionoon which
the theormtlcaleurvQ $S heed.—. ______
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● Figures9P 109 asd 11 show that thereis an even more quantitativecorr%htion. In
K-2 oyoleau of the otideformsdon 3/4 of the lengthof ~t mne tubeswas m.
~ed & pitting. The buc~ed SOOQ tubes~ oonatituting@ of the reactorc-e
showednegl~ble oxideloss. Thus (314)(l@@) = 00450of ~ the ofidafo~d
on the fi.slelements shouldhew hen nb~ed ae turbi~tye The ~t of Al(OD)
releasedas turbidityup to q tk dting the oyti was calculatedfrom e mmtiri3
~ence of turbidity using the day twbtdi~ datiand assumQng,1~ rmvti Q the
reboile~ at 6 ~m tbroughput~The titelamountof Al(OD)3 fo~d..by Oo-sion was
oaloulatadfrom the deuteriuwevolutiondate. In Fi~ 1 the mount relea=d ae
turbidty is oomparedwith 0.,5~e the totalemoustformsdby oorroeioneThe
agraemsntis goode

IO F1-e 10 and 11 the same t~ng was”done for P-4 and R-3 syoles~ In theee
cyclesthe equivalentof au the ofidewas releasedfromo- about3 out of 20 slugs
in each COIUISO.This oooatitutoe15% of ~ thQ otie ~~retid. ~n ‘flat5om tubes
or awt ~ of.the titi ofidegeneratidh the erit~ ~aotoro .?n~pe 10 and
11 the agraemsnttitb 1~ of tie toM otidaie good.

TMs Protidesa meansof ~dict~ the turbiaty generationdwing any reactor
OYcla~ The rata of otide‘formtioncmn be Priadfctedfrom the ~ eheath
ta~ratm. The frectionof totalotide~ch tin bs mlaased by the emd of ths
gcle cnn be estimated@em, the shath ~pntum ourvafor fl~t zok tuke ~ US*
the eo-ktion ehown%n Fi~s 1 ti 2 and the Mt of ~oC abom w~ch pitting
;~d: The wd~ction ia expactidto be O- roughlyacourateountilmorn thoroughly

CONU-

1.

2.

3.

4.

5.

a) estibli.shthatthaeepk;nomsne~ bm dup~cated

b) estabtishtbstpittingdoes ceuaeturb%d%tyfo~tion

c) deto~ne the conditionsw~ch affectpittingcorrosfonotith the a5n of
controllingor el~nating it_
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F* 1 Corroaioh& SheathTernparatumvs. Slug Position. Wk VII-A

Flgura2 Co-sion & SheathTe~rnt@ vsa Position- N~k VI-J
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--==6684
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6611
6607
6625

2-10
1-07
3-12
3-17
2-06
3-03
1=02
2m02

9
9
9
9

8
9
9

0.5
0.
10.

0 ‘“
o
0
0.

00.

1

i
o
0,
0

0
,0
-.

0

:
0

LSW (PoorLi@ting)

LSW
Clean White (poor L@ht)
Clean White
Clean White
Fairly Clean White
*

. . . .

* Lighting appeare different on opposite sides of slug warp. ,

03N33567 b=09

03N02912 3°19
03NO166b 3-16

7“39
17-39 .,??5.

E~shsll. Tetiwe around bumps; seen as pits
through periscope-
Faint texture (as from pitting)
U@er periscope,,auniform coveringof clOsely
spacedpitsor pock marks (about 5-10 mil
diamater)was.seen.
Some texture (as from pitting) ~
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0

o
0
0
0.?
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0.1
0.1?
2
0
0
0
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0.1
0

Low

Low
Faint
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Y

j Low

$ LOW

Low
Feint
t
Faint
o

Low

i

( Low

o
.

0

LSW

cleanwhite
Clem ~te
HeavyOvevallP%t%ing

LSW
Clem White

CleanWhite *
Clem White
Fain%textue
Pittingheavier on LSW
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01K45318
OiiK50191

6479
6310
6372
9420

01K46404
0988
2219
6300
9429
2564
9U5
9136
6453

g;

6b55
6813
6463
;:~:

6384
6343
6835
63$1
6309
2641
5488
166$
2832
2612
63?3
6431
6450

2=17
2-10
4-08
1-08
2-13
2-18
3=’0$
1-18
4-06
3-18
2-20
1-03
1-05
3.D3
3-10
4“0
1-02
2-11
3-01
2-01
4-06
;“:;

1:07
2-14
2-02
2.15
3-12
3-13
2-08
4-09
4-11
4.=17
2-06
3=16
3-09

18
10
10

9

13

1:
9
9.5
9.5

10
9.5
10

9*7
909
~.5

8
9.5

907
10
;.7

8.5
9
9.5
9

;:
:.7

10

It

0

0

0
0
0
0
0
0

00.1
0.5 i

: 2
2e5
0.1

3
0

Low
Some

;;int
4
Low
Some
Low
Faint
Low

:
Some
o
Some
g?
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slug
Position

—..

o 0
0.06 0
Q“”o

o 0 0
00 0

0 0.11

00 0602

0.01 ~~ 0001
0.05 O.lb
0.22 0.3

0.5 1,$2 205b
f07 ;;92 2.f+2

t
1.15

0. 3 0.24
0001 0.013

w
=

None
None
Wohe
Norie
None

None
None
~n:

Non&

No”ne
None
None
None
Nonq

None
No+e
None
None
NoBe
-

RTR=.l&6

o [1)
0068 ;.7

.1053
1.9 2.5
2.63 2c.8

2.9 3
2.89 3
2*93 3
3 3-
3 2.9

3 3

Outer
Ring
.

0

145
0.500~

1.5

0
0
0

Only one slug for eachposi%ion;data fim e~ina%%on of photo~phs
Of discharged slugso

Data for reactor positions 29-51 (Table 11) and 2&-60 (Table 111)
multiplied by 2 to comecti for sMfi in ~a~~ scda.
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21.5
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;;.5

102.5
105
107.5
109.8
112*O
:;$.5

119
120.8
122.(I
121.0
H6.O
110.’9
105.0
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UfiformComsio~ .,’
,.

Uniformoorrosionof’alumib occursin two ata~s (a)an iait~ rap%dMMUP
of the fti and (b)a subsequentslow constant rate ste~. The seoonds-e has
beenstudiedin sosisdetail (Refc4)o The constantrate inoraasestith ta~rature
accordingto the Arrheniualawo The firetstagehas not been studiedvery carefully.
The extentof corroeiondur%ngthis sta~ appars to increaaewith temperature*but
the laboratory resultsare erratic.

We tillaasuma$for lack of any bsttardata~that tb extentof cotioeionduring
the firststagevnrieatith temperaturein the acmeway ae doee the subsequent
conetit rati. This assumptionis to aomaesrt,antjustified~ the fact that the
totalextentof uniformcorroeionin the reactorat the end of 50 dayev~ies with
temperaturein just thisway (Figureh; the elopaof the etraightline is thet
previouslyfoundfor the constantrete period. Ref. 70 U) o Since the ma~or~t
of the totalcorroeionocourein the initti pmod~ the variationwith tempsrat~
show in Figure4 cheractertmsmei~ tbieMtial Parioda

The totalextentof corrosionof 2 S aluminumup to ~ tk (0 to 20 days)at
125°Cas givenin Reference4 ie takenae tb basicfor estimatingthe extentof
uniformcorrosione,tany timeend tempara-o This baeicefientof corrosion C9
ie tabulatidbelow:

At temperaturesotherthan 3250~ the foregoingaea tion givesths etientof
uniformcorroeionas proportionalto W = ?c x 10-3~ T- The quantityw is a
meae~ of the thlckneesof oxidsffi builtupO eqressed$n arbitrq unite.

Pittins.Crl’@o 0 ion

Pittingcorroeionis aeeumedb etartwhen tbia oxidefilm reacheea oritical
thickness(hencewhen W reacheea critioalvalue~ WC)e hpaotion of both slugs
and fuel tubs as ~ported here~ ehowethataluminume~sed at 1210chas j t
hgun to pit et the end of 50 daye~ 2This @ves for Wc the value3.76x 10 ~
corras~ndingto e criticalfiti thicknessof 1.3 mti (266mg of A3 corrodedpsr dm2).

The timarequiredto reachthe pointof incipientpittingmay ha estbt.sd from
the ahve aasumptionasae deecribsdbelow. Firet the extentof corrosionCc which
wouldbe attainedafter thissame periodof -esposureat 125°C(insteadof the
actti temperatureT) is @culated

cc = Wc X 103300/T (1)

Then the numberof deys raqubd to atteinthieextentof sorroeionet 125°Cie
estimatedfram a plot of C vs. tireswhichrepresentsthe beaictits tatie,tidabove.

● Dia@~ A in Fim 7 ~presentetie~sults of such a calculationfopa trpid
R-3P-4fht zonefuel column. For each elugpositionalong the columnthe due
~~~ oa~c~ated from equation1 comspnding to the sheathteaparatw

1 and TableX) at that slugpoeitionc The timseto reachtbae valueeof c
were thenplottedagainetelugpoeitionae ehowno
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*’ DiagramB is a plot of ,the’!ueeberof slugslyingbetweenthe two brsnohesof the
ourvein Diagra’A. til of theseslugsbeve eitherreachedor peasedthe poititof
incipientpitt%ng,and ~enseshow V~~W dag~eg ‘of PittWo ...

=tv FOW tion

The basicassumptionis t,hetwhen pitti~ oa~ * tie previouslyformedofidefilm
is brokenat the sib of each”pft;“id the’elum9.n-o~de which covs=d the area of
th~ pit is releasedinto the nmderatoras turbidity.

Let M h the totalamountof ofidereleasedpar un.ltlengthof fuel oolumnfr~
sny Pertioulardiffe~ntialeknt of lengthdn of s Partider fuel column. The
tit of lengthis here -n to be the lengthof one slug. The total~out Of
otidereleasedtito the ~erat,or by the ent~ reactorchargeis then

Toti nleeee = ~ fMdn (2)

whsreintegrationie oarriedover the entti bngth of one fuel COIU %nd e-tion
is over all fuel columns.

Lat.us defb the fractionale~ent of ~tting p by the expressionM = p ~0
whe~ ~ ie the vslueof M for a ocompletelypitted”surfaca. The velueM %e eo
chosenthstp is slwayelees thenObut approachesunity for setirelyp$t~d
eurfacee~ The valueof p differssigfifimntlyf’rom%ro only b tha fht mm end
WtMn thatportionof aach fuel aolumnfor tich p2ttinghas st~ted.

The totalreleaeeh e~esed in termsof p se ‘

Toti release= z M. f*

wheren is thatlengthof tha particularfuel oolumnon whichpitt~. hae sterted~
and’~ ie the averagee-nt of pitt~ over thfs length.

Inspectionof shgs showethat p end n nre roughlymnetentthroughoutthefit zone.
Henoe ~~ pn for the”flat sonealonehae the value ~ Z ~ no whe~ Z is the tow
numbarof fuel oolumnein tbs flat zom _ The contributionfrom fwl mlumne outside
the fit aoneis ass-d to be wgli~ble baoaueeof much lowereheathtemprtaturee.
Henoa

Totslrelease= (~Z)~n (4)

Re,& of release= (~ Z) d (~ n)~dt (5)

Note that the coefficient(~ Z) ie nearlyconstanta% leastttiwg~out any one
fiactorcycle.

~n Fi~ 7 the heavysurveenpreeent the ceee in which~ ie asswd to he tityo
whilethe dashedcur8esrestitfrom a orudeesttits of the actti valw of p.
DiagramB fe a plot of pn againstt9 while DiagramC ie a plot of d(~n)/dt~a%net
t (obtdned as the slopeof the correispnding~ in Disgrm B)~ Theue~e
give respectivelythe totelamountof turbidityforrimdand the rateof turb%dity
formationin =bitrary tite such that OnLSunit =pmsents an amountM. Z of
oxidereleased (parunit time in the caseof Di~ram C).
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W In R and P reactora~which have no maw - of turbidityrwal~ tha toti amount
of turbitity mleaaed ratis in the moderator~ Thm Diagrm B also m~senta”
(b arbitrarytits) the w in whioh turbidityehouldticmaee dur~ a ‘reactor
oycle.

In LO K and C raaotoraturbidityis ~omd by the Uatlll&tion mkibr’a~ A
mater~albahm of turbiditygemration and m=val glme

when V %s the totaltierator volm * T ie tbe turbAdltylevel(amountof turbidity
eolldepar unitvol- of moderator)and F la the rateof flow of moderatorthrough
the raboilera. Integrationof tbieequationgins

(7)

Tba resultsof tbieintegrationare shownin DiagramDj tith the facti (~Zfi)
tabenae th arbitrary~t. Btiup md &oay of turbi~ty in this f’ae~onha
beenobeervedra~atadly in U ad C ~actors and tiquentLy in L mactor~
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